Introduction
The classical presentation of the neurone doctrine describes main achievements and controversies over different techniques and interpretations of relations between nerve fibres and the soma of nerve cells. The neurone concept of Heinrich Waldeyer (1836-1921) [1] was established upon a topography of subcellular elements such as dendrites, somata, nuclei, fibrils, and axons (1891).
However, the idea of polarized functional interactions between cell parts allowed a new interpretation of the neurone which emphasized the role of the soma in the propagation of nerve impulse. The success of the neurone doctrine promoted further physiological speculations with marked differences among European countries. The legitimacy of histology to comment on the function of nerve cells seemed to overlap that of physiology. Conversely, physiology interacted with histology, when this discipline was able to adopt, criticize and even rectify the neurone concept. However, physiologists differed in this attitude, especially between Britain and France. A comparison of physiological conceptions on nerve cells within particular contexts of reception and rectification of the neurone doctrine is needed. Our goal is to establish how different research programmes devoted to the nervous system emerged at the beginning of the XXth century. An implicit reference to the central role of the nerve cell in some programmes determined original paths in the careers of Charles Sherrington (1857 Sherrington ( -1952 and Edgar Douglas Adrian (1889 Adrian ( -1977 . British physiology was more inclined than French or American to localize nervous properties in neuronal elements. Numerous polemics arose between axonolgy, electroencephalography and neurophysiology.
Occasionally, they determined heuristic syncretisms between distant research programmes. These events finally led to the modern neurone concept developed with intracellular recordings (1952) . This paper aims to examine old rooted epistemological problems which paralleled the construction of the neurone concept from 1891 to 1952. An emphasis is put on the role of pre-established scientific disciplines, sub-disciplines and their relations as important factors contributing to the genesis of epistemological conflicts. Conversely, resolutions and synthesis of different approaches are seen as major determinants of conceptual advances and redefinitions of disciplines. Therefore, the history of the neurone concept gives us the opportunity to ask some intermingled problems between social factors and epistemological knots in examining the relations at work in the constructions of both disciplines and concepts.
Consensus and initial discussions on the nerve cell
Before the neurone doctrine was established, most physiologists and anatomists held a common view of nerve cells, considered as necessary loci of anatomical interactions between fibres. Such conceptions referred specifically to the soma of cells, located in the grey matter of nerve centres, as opposed to fibres and protoplasmic processes. The nerve cell was occasionally termed "nucleus". In no ways did nerve fibres were understood as parts of nerve cells, although anatomical and functional continuity between them was assumed. Rather, cells were described as enlarged portions of fibres, unipolar, bipolar or multipolar, depending on the number of fibres in contact [2] . Nerve cells were not considered necessary for the transmission of the nervous impulse through ganglia, since most anatomists considered at least some fibres were uninterrupted in crossing these structures. However, multipolar nerve cells in the anterior horn of spinal cord were seen as necessary connecting devices between sensory and motor impulses. In 1857, Claude Bernard (1813-1878) concluded: « D'après ce qui précède, on voit que les cellules seraient tantôt l'origine des fibres nerveuses, tantôt des organules placés sur le trajet de ces fibres. On pourrait dans ces cas considérer les tubes comme les conducteurs du système nerveux, dont les cellules seraient l'agent élaborateur ou collecteur. » ( [2] [The role of the nerve cell is to favour the passage of excitation from a fibre to another: it represents a trigger centre; however this role may be more complex; thus a first globule often reflects action by way of a commissural fibre on one or many globules which diversely direct it on a centrifugal fibre or first on other nervous globules.]
Hence, the first conceptions of the nerve cell as a functional unit were related to the acceptance of cell theory.
However, since physiology was essentially based on the study of nerves, physiologists considered that the anatomical architecture of fibres was a prime structural determinant of function. Accordingly, discussions on the nerve cell remained quite similar to later ones devoted to the neurone concept. Nevertheless, specific reactions to the neurone doctrine in France and Great Britain influenced the debates on the nerve cell and the relations between histology and physiology. Cell theory was no longer crucial to the functional understanding of the neurone, nor in the reception of the neurone doctrine. Rather the institutional relations between disciplines became dominant.
The reception of the neurone doctrine among French histologists
French reception of the neurone doctrine highlights two complex institutional relations between anatomy, anatomopathology and physiology. In the XIX th century, these disciplines were often associated in teaching, journals and scientific programmes (1) . However, at the turn of the XX th century, French Bernardian physiology developed into an independent discipline, which increasingly rejected the concepts and methods of anatomy (2) . These two aspects permeate and define French reactions to the neurone doctrine.
The first aspect mainly concerns those researchers who were interested both in anatomy, physiology and their relations. The Strasbourg school of histology followed this path before 1870, as it adopted microscopy and cell theory. One of its young most talented scientists Duval took up the chair of Robin (1885 However, between 1891 and 1900 few British histologists worked extensively with the new techniques, apart from some observations on invertebrates, neuroglia and ganglionic cells. Rather, the histology of the nervous system was dominated by topographical studies of nerve supplies to organs at a larger scale, emphasizing the gross functional organization of nerves from a physiological perspective. This specific context eventually proved successful in adopting and discussing on solid scientific grounds the neurone doctrine between histological facts and physiological measurements. This context is highlighted by the famous collaboration between physiologist George Romanes (1848-1894) and histologist Edward Sharpey- Schäfer (1850 Schäfer ( -1935 . This episode provides an excellent example of British multidisciplinary relations in the context of Foster's young school of physiology, finally permeable to the novel idea that nerve fibres were independent structures functioning physiologically as a whole [15, 16] . Romanes, one of Foster's first pupils, studied locomotion of jelly fish. He adopted a ganglionic theory close to his master's on heart beat. When he could not localize nervous elements in jelly fish, Romanes asked his friend for help. This led Sharpey-Schäfer to discover free fibre endings in the margin of jelly-fish and conclude in favour of physiological continuity of discontinuous fibres [17] .
These events were analysed from the standpoint of the neurone doctrine, showing how Sharpey-Schäfer became one of its prominent British forerunners ( [15] , [16] , p. 47). Sharpey-Schäfer himself felt his 1878 paper was the first demonstration of contiguity between nerve cells ( [15] , p. 160). However, the specificity of the British reception of the neurone doctrine did not rely in Schäfer's discovery, but was shaped by close relations among physiologists and histologists, and the anatomical background of many physiologists. When Sharpey-Schäfer demonstrated free nerve endings in jellyfish, other studies using the gold staining techniques of Julius Cohnheim (1839-1884) and Joseph von Gerlach (1820-1896) [18] allowed investigators from other countries to clearly refute fibre nets [19] [20] [21] . Furthermore, the statements of Sharpey-Schäfer on the contiguity of fibres were received sceptically by contemporary reports ( [15] , p. 160), including one from Romanes. Hence, Sharpey-Schäfer's ideas should not be seen as the "first clear statement of the neurone theory" ( [22] , p. 246). More important seemed SharpeySchäfer's influence in convincing his friend Romanes, who had initially written critically to Sharpey-Schäfer (1877) ( [15] , p. 162). For Romanes, physiological continuity of jelly-fish contractile elements was based on coordinated activities of lithocysts, considered as analogous to ganglia. Romanes finally adopted SharpeySchäfer's views, explaining in 1885 his conception of physiological continuity by a "physiological induction" between distinct fibres [23] . Therefore, a continuous and profitable dialogue between physiology and histology seemed possible in Britain, whereas both disciplines were both more specialized and independent in France.
Such relations were pursued during the 1890's between Sherrington , SharpeySchäfer, and Ramón y Cajal. When Sharpey-Schäfer reviewed the neurone doctrine [24] , Sherrington was not only concerned with his first physiological studies of spinal cord, but also with anatomopathological and histological observations of fibres, and nerve cells. In 1894, Sherrington invited Ramón y Cajal to give the Croonian Lecture entitled La fine structure des centres nerveux [25] [26] . Much emphasis has been placed on Sherrington's adoption in 1897 of the term synapse [27] [28] , in the successful confrontation of the histological law of the dynamic polarization of the neurone with recordings of spinal cord antidromic evoked potentials [29] . However, it should be stressed that this adoption did not concern any key discovery, but rather indicated again of a specifically British histological concern in physiology. Berlucchi clearly noted that Sherrington's experimental demonstration of the possibility of antidromic conduction in the spinal cord was based on a refined correlation between possible anatomically defined paths for nervous impulse and their electrophysiological demonstration by precise electrical stimulations [30] [If as the chemist unable to act on isolated molecules from the body he studies, we cannot study individual fibres forming the nerves on which we experiment. Even so, we do have the advantage to be able to see our elements by histology and so to recognize in them some empiric characters which let us categorise them.] However, while French physiologists unequivocally adopted the neurone doctrine and considered the nerve cell an anatomical unit, nervous functions were rather seen as relevant to the intimate nature of fibres. This idea led to the ancient refusal to attribute any specific physiological role except a trophic function to the soma of nerve cells, in accordance with the doctrine of Augustus Volney Waller (1816-1870). Energy, substance, movement, life were seen as equally scattered entities in the nervous system, which underlied non localised functions. Therefore, the distribution of nerve cells in the nervous system was not central. Rather, the topography of fibres and their physical interactions were considered the essential factors in nerve cell excitation.
Louis Sherrington gave a remarkably concise summary of essential differences which distinguish simple propagation in a nervous trunk from the passage of nervous impulse through a centre and he showed almost all these differences can be characterised as so: intercellular transmission in place of intracellular transmission.] However, Lapicque envisaged these properties not in an anatomical framework, but rather from that of the physical possibility of transmission between two nervous elements dependent on a similar excitability (chronaxie). Therefore, Sherrington's and Lapicque's views were opposed in the importance attributed to the soma and elementary fibres. Sherrington 
Lapicque's conceptions are often presented as old dogmas established on the basis of chronaxie measurements in the early XXth century, which induced a paralysis in French physiology for over three decades [33] . It should be emphasized that Lapicque's character was of fundamental importance in this period. However, the development of a Lapicquian physiology can be traced to the rejection of the neuronal soma as a physiological element starting in the 1880s. Lapicque later developed a grand theory of nervous functions rejecting anatomy and the neurone concept. His attitude finally led to the full dismissal of his highly speculative ideas. Thus, the functionalist attitude of Lapicque may represent an opposite extreme to Duval's programme of histophysiology.
5.
Sherrington's myographic decomposition of nerve centres and the neurone as a physiological concept (1900-1926)
The comparison between Sherrington's and Lapicque's ideas on the neurone can be seen as a divergence from an initial criticism by physiologists of the nerve cell in the late 1880s. However, in his personal researches Sherrington created a dialogue between histology and physiology which focussed on specific objects and concepts, including the flexor reflex, summation and the convergence of nervous impulses. This style of research was based on a systematic topographical and functional approach of specific reflexes and on the localization of nervous properties in centres and their neuronal constituents.
Sherrington relied more on anatomy than on modern physical measurements. When Lapicque and Herbert Gasser (1888-1963) adopted oscillography in the early 1920s to analyse specific nerve fibre properties, Sherrington used the techniques of Marey, and his follower Charles Emile François-Franck (1849-1921) to decompose elementary reflex properties. Sherrington was interested in the neurone as a principal physiological element for how it might assist his attempts to dissect the reflex centre of the flexor reflex [34] . The conjunction of the neurone theory within Sherrington's framework, as analysed by Swazey, relied on the belief that both inihibitory and facilitatory mechanisms, earlier known as Hemmung and Bahnung in the German literature, contributed to central operations of co-ordination, taking place before a common path of nerve fibres converged on an effector muscle ( [35] , pp. 100-101). According to the schematic demonstration of Sherrington's 1926 article, the total amount of contraction of a muscle, obtained by stimulating successively individual nerves independently, was greater than the maximum contraction of that same muscle by direct stimulation. This was interpreted as a partial occlusion of nervous impulses from different nerves converging on common motoneurones. Similarly, the facilitatory effect of a subliminal stimulation, in a given path, on the contraction obtained by stimulating another path was interpreted in terms of a central excitatory state in motoneurones. For Sherrington, neurones were the cellular basis of co-ordination in the nervous system. They were for the first time given a prime physiological importance on experimental grounds.
Adrian's physiological foundation of the neurone (1926-1929)
Compared to Sherrington [37] . Only subsequently did Adrian finally adopt the second view and localise a property measured in isolated single fibres in a motoneurone soma [38] . The comparison of single activities in sensory and motor fibres led Adrian to suppose that the essential neuronal element was perhaps not the soma itself, but rather the dendritic expansions in contact with a nervous terminal arborisation. « The only structural factors common to the sense organ and the motor nerve cell appear to be the terminal (axonal) arborisation which links the axon of the sensory fibre with the sense organ, and that which invests the nerve cell or forms the junctional zone between its dendrites and the axons of others neurones.» ( [39] Adrian's neurone concept developed further in studies on retina, where interactions between photoreceptors and dendritic arborisation of ganglion cells could be analysed topographically. Such analysis recalls that of Sherrington's on the convergence of nerve fibres on a common motoneurone pool. Adrian showed that the maximum retinal surface exposed to light from which a single ganglion cell could be excited was wider than the area of its dendritic expansion [41, 38] . Thus, light receptors and the excited nervous network beneath were converging onto individual ganglion cells. Therefore, Adrian had succeeded in defining experimentally Sherrington's common path at the cellular level.
Eccles's studies on ganglia and further neuronal localizations in the Cambridge school
The synthesis of the ideas of Adrian and Sherrington who jointly won the 1932 Nobel prize led to a wide field of inquiry which rapidly adopted oscillography for electrophysiological studies. The Cambridge school, tending to localize nervous properties into neurones, was exposed to American researches which aimed to distinguish fibres by their specific individual properties. « […] we find no spread of response from one cell to another, no after-discharge, and no summation of preganglionnic impulses in the ganglion, although more fibers emerge from it than enter. » ( [42] , p. 532) However, a controversy emerged on the interpretation of the refractory period of output compared to input fibres. Eccles showed the slow value measured by Bishop was much reduced in oxygenated and superfused ganglia. Hence, Eccles suggested its neuronal origin, in agreement with the old finding that centres were more sensitive to anoxia than nerve trunks. In spite of Rafael Lorente de Nó's (1902-1990) apparent dismissal of this view, based on the similarity between input and output refractory periods, Eccles and the Cambridge school relied on small differences in refractory period to support their opinion that output potentials reflected the passage of the nervous impulse through neuronal somata.
« […] the absolute refractory period of the motoneurones (dendrites and body including the synapses) cannot be longer than 0.6 ms which is the absolutely refractory period of the stimulated fibres themselves. The present evidence neither excludes nor proves the existence of a relatively refractory period of the neurone body. It is suggested that the perikaryon functions in the same way as the muscle endplate […] » ( [44] , p. 288)
The Cambridge school later objectivated neurones according to correlations between the topography of slow potentials and neuronal ganglionic somata. Again, Eccles' study relied on American oscillography, and especially Gasser's studies of slow after-potentials recorded from isolated nerves. Gasser considered after-potentials resulted from molecular and metabolic states of nerve's plasma membrane. Conversely, Eccles showed that slow waves, either positive or negative, were larger when recorded closer to ganglionic neurones. Correlations between the polarity of these waves and facilitation between successive stimuli led him to suggest that slow potentials were generated inside neuronal somata, and Hence, Eccles' studies on ganglia were an attempt to experimentally establish concepts from the Cambridge school with the oscillographic approach of American axonology. The analysis remained speculative until a consensus emerged from later studies on spinal cord.
Polemics on the neurone in oscillographic slow potentials recordings in spinal cord and oculo-motor ganglia
Once again, Gasser made the first step when he performed localized measurements of slow potentials by oscillographic recordings on the surface of the exposed spinal cord [46] . Gasser showed slow potentials were not occluded by initial antidromic stimulation, thought to establish a refractory period inside neuronal somata. Accordingly, he could not localize slow potentials in motoneurones, but rather in secondary networks of internuncial neurones, whose activity was interpreted as a slow shift of polarity within a dipolar equivalent circuit. Gasser's interpretation was dependent on Adrian's conceptions, but did not localize potentials precisely to specific neuronal elements. Furthermore, Gasser himself established a parallel between slow internuncial potentials and Sherrington's central excitatory state. Therefore, discussions on the c.e.s focussed on whether it represented Eccles' elementary neuronal slow potential or Gasser's and Lorente de Nó's internuncial activity.
Eccles did not pursue the question on Gasser's experimental ground, but further established his conceptions on ganglia. The axonologist Lorente de Nó further studied the involvement of internuncial neurones in oculo-motor ganglia.
His initial oscillographic measurements of refractory periods had led him to adopt an aggressive attitude and a strange interpretation of nervous centres relying on old criticisms of the nerve cell, reminiscent of his histological background from Ramón y Cajal's school: " […] evidence has been forthcoming which changes the theoretical basis upon which the Oxford school based the discussion of the experimental findings." [44] « The concept of the neurone as a nerve fibre provided with a trophic centre and two specialized endings affords satisfactory means of understanding the role of the intercellular connections within the nerves centres […] ." ([47] , p. 608) Lorente de Nó explained facilitation and the reductions in reflex latency by higher intensity stimuli by the recruitment of more direct internuncial paths. Hence, Eccles' neuronal properties were seen among axonologists as circuit properties and the specific role of individual neuronal somata was again dismissed.
Toward a consensus between American and British neurophysiologists
From our present standpoint, earlier conflicts between neurophysiologists, who fought to localize specific electrical properties either in the axon or the soma of neurones, may seem strange. The elementary properties of electrical membranes are currently thought to be rather homogeneously distributed over the neuronal membrane, in spite of distinct distributions of specific ionic channels, receptors and some emergent electrical properties.
However, physiological traditions favoured dichotomy in localizing properties in anatomical elements. Neuronal properties emerged in Adrian's analysis from non-nervous properties. This approach can be regarded as a necessary step dividing and confronting specific aspects of concepts in their genesis, before establishing more sophisticated relations between them.
Epistemological relations between somata, fibres and neuronal networks changed when Lorente de Nó and Eccles finally agreed, in the context of the polemic over electrical versus chemical neurotransmission. Both of them defended the electrical theory of neurotransmission which led Lorente de Nó to adopt a general view on nervous transmission based on the physiological individuality of the neurone, with synaptic contacts converging onto the neuronal soma. Hence, the neurone was necessarily seen as a micro-circuit of its own. Consequently, Lorente de Nó reworded his ideas according to Eccles' which he felt closer than originally thought. He made a clear parallel between his concept of partially active internuncial circuit and the Cambridge school's concepts of the motoneurone pool and the inactive subliminal fringe. « […] using a term introduced by the Oxford school it may be said that during activity the internuncial and motor pools become fractionated into active and inactive groups, part of the latter group constituting a subliminal fringe, the activation of which demands stimulation of another set of pathways. » ( [48] , p. 212)
The early polemics on Sherrington's c.e.s led to this new parallel between this concept and a theoretical state of excitation in Lorente de Nó's internuncial circuits.
«[…] the main difference between the concept of c.e.s used by the Oxford school and that of continuous stimulation by internuncial bombardment is that c.e.s was assumed to develop and accumulate within the individual neurones, while internuncial bombardment places the excitatory and facilitatory mechanisms outside of the cell. For many theoretical arguments the difference may be overlooked; in fact, the result obtained is essentially the same, whether the one or the other concept is used.» ( [48] , p. 328) These convergent views were essential in the physiological construction of the neurone concept, since neuronal somata were no longer rigid loci of convergence and building of slow potentials, but also formed part of secondary neuronal circuits representing multiple sites of neuronal convergence, facilitation and subliminal excitation involved in retroactive controls. These interpretations finally led to a series of topographic electrophysiological studies on the functional organization of the spinal cord by Lloyd, Birdsey Renshaw (1911 Renshaw ( -1948 and Eccles. These studies were based on isolated monosynaptic reflex arcs, thus avoiding internuncial activities, and permitting the precise measurement of elementary neuronal parameters.
Berger rhythm (1929) and further questions on the neurone
The physiological construction of the neurone was based upon measurements of patterns of central nervous activities, such as slow, often rhythmic potentials generated by populations of neurones. Large-scale oscillating activities were interpreted as a synchronization of slow elementary neuronal activities. Adrian developed such analysis on the isolated goldfish brainstem [49] . But the question was already asked when Hans Berger (1873-1941) published slow potential waves recorded from the human scalp. Hallowell Davis' (1896-1992) reaction to Berger's discovery probably reflects the most common attitude of physiologists, whether they adopted Davis' or Adrian 's view.
« I explained patiently that it must be a vibration in his equipment or other artefact because it was unthinkable that enough axons in the brain could be so synchronized in their activity as to yield such slow potentials. » ( [50] , p. 316)
« It thus appears that the axons of the brain have much larger potential than elsewhere, or else the record is due to nerve cells, having a higher and more protracted potential than nerve fibers give. » [51] The discovery of the Berger rhythm did not influence oscillographic studies during [1932] [1933] Thus, in the context of building a neurone concept based on localising slow potentials into cell parts, the Berger rhythm came into play as a peculiar slow and regular wave previously though irreducible no any single neurone activity, then theoretically accepted as a synchronisation of simple all-or-nothing neuronal potentials, before this hypothesis was finally rejected. However, the resulting polemic was profitable for the definition of the neurone, further distinguished from its axonal activity and with dendrites which emerged as independent conductive elements.
The view from inside
Extracellular studies on the neurone took advantage of monosynaptic reflexes and dissociated single neurones [60] [61] [62] , but still divergences emerged in the localization of specific potentials to distinct cell parts, as illustrated by the polemics between Lloyd and Eccles (1949 Eccles ( -1951 and differing ideas on dendritic conduction. The first intracellular records were made from muscle cells and giant nervous fibres by Alan Lloyd Hodgkin (1914-1998), Kenneth Stewart Cole , Howard James Curtis and Gerard. Eccles records from cat motoneurones opened a new field of membrane and action potential studies on neurones in close conjunction with the complex framework of extracellular studies. Invading backpropagating action potentials recorded inside the soma was a direct proof of the old idea that spikes could spread from the axon to the soma, a view later extended to dendritic backpropagation.
Synaptic potentials replaced Sherrington's c.e.s and end-plate noise [63] . Eccles' 1952 concept of the neurone [64] was a synthetic view that combined extracellular neurophysiology and borrowed extensively from the membrane physiology of the squid giant axon. Hence, intracellular recording allowed a more rigorous correlation of local potentials within anatomically defined neuronal parts and allowed definition of numerical norms of neuronal activity, such as resting membrane potential, maximum action potential depolarization and after-potentials.
More importantly, the new intracellular paradigm allowed studies on the neurone to borrow concepts and techniques from the field of membrane physiology, with the adoption of voltage-clamp, superfusion exchanges of intracellular ionic contents and the modelling of ionic permeabilities accounting for somatic and synaptic potentials. Intracellular recording was much more than a technique that opened a new field of study. It was rather an important interdisciplinary locus for conceptual and technical interactions.
Concluding remarks
This inquiry into the physiological construction of the neurone concept during the early XXth century hints at how epistemological conflicts emerge from confrontations between disciplines. Comparison of national contexts shows how boundaries between disciplines, conflicts and convergences permitted the emergence of a specific concept. Different evolutions in adopting, rejecting, or developing the neurone concept depended on complex relations between anatomy and physiology in different nations.
The interdisciplinary construction of the neurone was dependent on personal backgrounds, social relations between researchers of neighbouring disciplines. In this context, the legitimacy of histological and physiological revisions of the neurone concept changed as new approaches and techniques were developed. The early proposal of the neurone concept allowed histology to extend its functional implications from anatomical observations, which confronted physiological data on the polarization of nervous conduction.
Sherrington borrowed from the notions of Ramón y Cajal to base his studies on the neurone concept. With his work, physiology overcame histology in its legitimacy to rectify and build the neurone concept as physiological. In France, Lapicque did not find any legitimacy with the theory of chronaxie as speculative as his opponents' histophysiological theories.
Physiological interest in the neurone concept emerged in two British schools which combined in the studies of Adrian. New instruments and measurements of single fibre activities in Sherrington's reflexology led to a new and direct objectivation of the neurone concept by convergence of ideas on all-or-nothing principle of nervous impulse, synchronization of elementary activities by converging afferent inputs on neuronal populations and inside a single neurone.
The role of converging interests from various schools, with initially opposed programmes, illustrates the necessity of social disciplinary relations in the evolution of concepts. The polemics between British physiology and American axonology highlights the heuristic value of local concepts and their re-combinations. Adversary concepts originally apparently dichotomous may eventually be seen to converge in descriptions of identical elements, as in the synthesis of the ideas of Lorente de Nó and Eccles on one hand and those of Lloyd and Eccles on the other. Finally, the cross-disciplinary transfer of techniques in the development of intracellular recording permitted a major paradigm shift that did not overthrow the conceptual framework from extracellular studies. Instead extracellular potential data could be re-interpreted in the light of novel and robust concept systems based upon direct measurements and the migration of techniques and ideas from fields such as membrane biophysics.
In summary, the physiological construction of the neurone concept has been the site of intense interactions between subdisciplines from numerous points of view including social relations, instrumental progress, interactions between distinct disciplinary patterns of concepts, and the redefinition of fields of enquiry.
